Abstract
Introduction

37
One of the strategies used in precision agriculture (PA) is to minimize the production costs 38 through enhanced efficiency, which can increase profits and conserve the environment. It is 39 proved that PA is an environmental friendly strategy, in which farmers can vary the use of 40 inputs to respond to variable soil and crop conditions within a field (Srinivasan, 2006) . developed an on-line vis-NIR (400 -1700 nm) sensor to predict organic carbon (OC) Aken and 54 samples from fifteen fields at the Wulfen farm.
119
Apart from these soil samples, another 113 soil samples were collected from three selected 120 fields, where on-line measurement was carried out, namely, in Mespol Medlov,
121
Bramstrump Estate and Silsoe farms (Table 2 ). These were considered as validation fields.
122
They were collected during the on-line measurement from the bottom of trenches at a depth reference measurements is summarised in Table 3 The on-line measurement system designed and developed by Mouazen (2006) (Fig. 3) . The 160 travel speed of the tractor was around 2 km/h and the measurement depth was set at 15 cm.
161
During the measurement at each line, 2 or 3 soil samples were collected from the bottom of and these were averaged in one spectrum. The five calibration sets were subjected to a partial least squares (PLS) regression analysis 221 with the leave-one-out cross validation using an Unscrambler 7.8 software (Camo Inc.;
222
Oslo, Norway), which resulted in five groups of PLS models for each soil property (Table   223 4). For all five spiking strategies and ratios the same on-line data set of 80 %, was used as was selected. Outliers were detected using the residual sample variance plot after PLS.
233
Samples located far from the zero line of residual variance were considered outliers and 234 excluded from the cross-validation sample set.
235
The prediction performance of the PLS models was evaluated by means of root mean classification system was adopted in this study. Based on spiking strategies and ratio of samples spiked in the general calibration set, the 272 accuracy of calibration models achieved based on cross-validation proves promising results
273
( The same spectra pre-treatment was used for the on-line collected spectra as that used for 286 the development of calibration models. The on-line collected spectra after spectra pre-287 treatment were used to predict MC, TN and OC using calibration models developed in TN and is excellent for MC, for all modelling strategies without and with spiking (Table 5 ).
299
As SOM or OC are essential for soil management and carbon sequestration, they were the Table 6 . Maps show high spatial variability of the three soil properties, although the field 351 area is remarkably small of 2 ha (Fig. 7) . This high variability encourages the need for on- 
